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(54) Refractive index distribution type ligtit transmitting device 



(57) A refractive index distribution type light trans- 
mitting device comprising a non-crystalline polymer (a) 
and a metal chelate compound (b) having a difference In 
refractive index of at least 0.001 as compared with the 
non-crystalline polymer (a) and having a molecular 



weight of at least 400, wherein the metal chelate com- 
pound (b) is distributed in the non-crystalline polymer 
(a) with a concentration gradient in a specific direction. 
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Description 

[0001 ] The present invention relates to a refractive index distribution type light transmitting device having both high 
transparency and heat resistance which used to be difficult to realize with conventional optical resin materials. 

5 [0002] Heretofore, as a refractive index distn'bution type plastic light transmitting device, one having a distribution 
formed by mixing and polymerizing a monomer capable of presenting a non-crystalline polymer and a non-polymeriz- 
abte material having a different refractive index, has been known as disclosed in WO93-08488. Further, JP-A-8-5848 
discloses that using a non-crystalline fluorine-containing polymer having a fluorine-containing alicydic structure in its 
main chain and containing no C-H bond, as a nnatrix resin, a diffusion material which is melt-difhjsible in this resin and 

10 v/hich has a refmc^ index different from this resin, is distributed to obtain a refractive index distribution type plastic 
light transmitting device. 

[0003] There is a phenomenon such that when a diffusion material having a different refractive index is melt-dis- 
persed to form a refractive index distrit)ution, the glass transition temperature (Tg) of the optical resin lowers, and the 
heat resistance decreases. Especially witii a plastic light-transmitting device having a diffusion material with a not so 

75 high refractive index dispersed therein, it is necessa^ to increase the content of the diffusion material in order to 
Increase the numerical aperture (NA) [NA=(n ^-m ^) ^ , where n is the maximum value of ttie refractive index of the 
refractive index distribution type plastic fight transmitting device, and m is the minimum value of the refractive Index of 
the refractive ind&c cGstribution type plastic fight transmitting device]. Consequently, there will a problem that Tg lovirers 
substantially, and the heat resistance decreases. On the other hand, if the (fiffusion material is dispersed to a level dose 

20 to tiie limit of the solubility of the difhjsion material in the matrix resin in an attempt to increase NA, there will be a prot>- 
lem that micro phase separation tends to occur, and consequently, light scattering tends to increase. 
[0004] Further, in such a refractive index distn'bution type plastic light transmitting device, the different refractive 
index material is merely dispersed in the matrix non-crystalfine polymer and is not fixed. Accordingly, there is a problem 
that when exposed to a high temperature, diffusion or migration takes place, whereby the refractive ind^ distribution 

25 changes, and fi^ scattering increases due to coagulation, and consequently the fight transmitting performance 
changes. 

[0005] On the other hand, as a method of obtaining a light transmitting peribrmance by dispersing a compound hav- 
ing a high refractive ind^ and having good compatibility in a matrix non-crystalline polymer, JP-A-63-1 06705 proposes 
a method of forming a refractive index distribution by copolymerizing a monomer comprising a metal salt of a cartaoxyric 
30 acid. But the light transmission loss is at least 800 dB/km (wavelength: 633 nm), and it is impossible to use such a mate- 
rial as a communication medium for a fight transmission distance of at least 50 m. 

[0006] Further, JP-A-5-88026 disdoses an optk»l waveguide having a light amplifying function, or JP-A-7-5505 
diseases a light amplifying optical fiber. In each case, the production is a core-clad light transmitting device having a 
rare eartti metal complex dispersed in the matrix polymer of the core portion, but the content of the rare eartii metal 

35 complex may be at a level of from 1 to 2 wt% for the purpose of light amplification, and the light transmisston distance 
of such a product is at a level of from a few cm to a few m. Further, Appl. Phys. Lett. Vol. 71 (1 7), 2412 (1 997) disdoses 
a light amplifying fiber of a refractive index distribution type made of a combination of Eu(TFAA)3(tris-trifluoroacetone 
europium complex) witii a low molecular compound such as triphenylphosphate (TPP), tuit the content of the rare earth 
metal complex is at a level of BOO ppm at the maximum, and the li^ transmission distance is at a level of a few m. 

40 [0007] It is an object of the present invention to solve the prot)lems of the conventional refractive index distribution 
type plastic light transmitting devk^es and to provide a plastic light transmitting devce which is excellent in heat resist- 
ance and whk:h has a low light transmission loss and a long light transmission distance. 

[0008] The present inventors have conducted extensive studies to solve the above problems and as a result, on the 
basis of an ktea that in order to obtain a plastte fight transmitting demce having improved heat resistance and tow light 

45 scattering loss, it is important to control Tg of the optical resin material to be tow and to reduce the dispersibility of the 
diffuston material itself, k>y selecting a compound having a molecular weight larger than a conventional diffusion mate- 
rial known, for example, from WO93-08488, ft has been found effective to use, as such a compound, a metal chelate 
compound comprising an organic ligand and a metal. The present invention has been accomplished on the basis of this 
discovery. Namely, the present invention provides a refractive index cDstribution type light transmitting device comprising 

so a non-crystalline polymer (a) and a metal chelate compound (b) having a difference In refractive index of at least 0.001 
as compared with the non-crystalline polymer (a) and having a mdecular weight of at least 400, wherein the metal 
chelate compound (b) is distributed in the non-crystalfine polymer (a) with a concentration gradient in a spedfic direc- 
tion. 

[0009] Further, the present invention provides such a refractive index distr^ution type fight transmitting devtoe, 
55 wherein the metal chelate compound (b) is a metal chelate compound containing a fluorine-containing compound as a 
ligand. 

[0010] Further, the present invention provides such a refractive index distribution type light transmitting device, 
wherein a metal in the metal chelate compound (b) is a rare earth metal. 
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[0011] Further, the present invention provides such a refractive index distribution type fight transmitting device, 
wherein the maximum content of the metal chelate compound (b) in the non-crystalline polymer (a) is from 1 to 20 
mass%. 

[0O12] Further, the present Invention provides such a refractive index distribution type light transmitting device, 
wherein the non-crystalline polymer (a) is a non-crystalline fluorine-containing polymer having a cyclic structure in its 
main chain and having substantially no C-H bond. 

[0013] Further, the present invention provides such a refractive index distn'bution type fight transmitting device, 
wherein the light transmitting device is a fight transmitting fiber. 
[0014] In the accompanying drawings: 

Figure 1 shows a refractive index distribution in an optical fiber of an Example of the present invention. 
Figure 2 shows a refractive index distribution In an optical fiber of another Example of the present Invention. 

[0015] Now, the present invention will be described In detail with reference to the prefen^d embodiments. 
[001 6] In the present invention, the non-crystalline polymer (a) may be a various polymer so long as it is a non-crys- 
taJline polymer having transparency. For example, it nray be a homopolymer or copolymer of an alkyi methacrylate, an 
alkyt acrylate, a poiyfluoroalkyi methacrylate or a polyfluoroalkyt aery late, a polycart)onate resin, or a cyclic polyolefin 
resin. Particularly when a minimum transmission loss wittt a near infrared light (a wavelength of 850 or 1,300 nm) Is 
required, a fluorine-containing polymer having no C-H bond, as disclosed in JP-A-8-6848, Is particularly prefenred. 
[0017] The fluorine-containing polymer containing no C-H bond is preferably a fluorine-containing polymer having 
a cyclk: structure in its main chain. The fluorine-containing polymer having a cyclic structure in its main chain is prefer- 
ably a fluorine-containing polymer having a fluorine-containing alicyclic structure, a fluorine-containing imide ring struc- 
ture, a fluorine-containing triazine ring structure or a fluorine-containing aromatic ring structure, particularly preferably 
a fluorine-containing polymer having a fluorine-containing alicyclic structure. The fluorine-containing polymer having an 
alicyclic structure in its main chain may, for example, be those having repeating units selected from the following formu- 
lae (1) to (3): 



— (CFrflF-CFCF.) — 



I I 



0 CF, 




(1) 



wherein each of and is F or CF3; 



— (CF-CF),- iCFJCFJm— 




(2) 



wherein each of R^ and R^ is F or CF3, n is an integer of at least 1 , and m is an integer of at least 0; 



— (CF-CF) — 



\ / 
CF-CF 
/ \ 



(3) 
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wherein each of and is F or CF3. 

[0018] In the present invention, the metal chelate compound (b) comprising a ligand and a metal, has a molecular 
weight of at least 400, particularly preferably at least 600. The metal chelate compound (b) has an organic compound 
as a ligand, and it hence has compatibility with the matrix non-crystalline polymer (a). 
5 [001 9] If the solubil'rty of the metal chelate compound (b) in the non-crystalline polymer (a) is low, micro phase sep- 
aration or light scattering due to fine crystals of the metal chelate compound (b) tends to occur, which tends to cause 
an increase of light transmission loss. Accordingly, it is preferred that the solubility is high. 

[0020] Further, the metal chelate compound (b) is pretierably of a structure wherein ligands sterically sun^ound the 
metal atom, so that the metal will not be in direct contact with the matrix non-crystalline polymer (a). Accordingly, the 
10 compound is preferably of a structure in which the metal is surrounded by 2 or 3 ligands. As such, the compound (b) 
has high compatibility; the increase of the transmission loss due to light scattering can be prevented; and the molecular 
weight will be large, whereby the diffusion rate in the matrix non-crystalline polymer (a) will be suppressed. 
[0021] Further, the metal chelate compound (b) preferably has no at>sorptton maximum for a visible light of from 
400 to 700 nm. 

15 [0022] Further, the metal chelate compound (b) has a difference in refractive index of at least 0.001 , preferably at 
least 0.005, particularly preferably at least 0.1 , as compared with the non-crystalline polymer (a). Further, the refractive 
index of the metal chelate compound (b) is preferably higher than the refractive index of the non-crystalline polymer (a). 
[0023] The numerical aperture (NA) represented by ■{n^-m^)^'^. jg preferably at least 0.1 5. particulariy preferably at 
least 0.20. 

20 [0024] The metal chelate compound (b) is preferat)ly noni)olymerizable one. Especially when the non-crystalline 
polymer (a) is polymerized in the presence of the metal chelate compound (b), it is important that the compound (b) is 
non-polymerizable. 

[0025] The metal in the metal chelate compound (b) Is not particularly limited. As a specific example, it may, for 
example, be a rare earth element or a tran^tion metal, preferably a rare earth element, particulariy preferably a tanth- 

25 anoid element The transition metal may, for example, be Zn, PI or Pd, and the lanthanoid element may, for example, be 
Ce, Pr, Nd, Eu, Gd or Er. The ligand in the metal chelate compound (b) is not particularly limited, and as a specific 
example, it may, for example, be a p-diketone such as acetyl acetonate (acac), benzoyl acetonate (pbd), dibenzoyi 
methane (dbm), 1,1,1-trifluoro-2,4-pentanedion (tfd) or 1,1,1,5,5,5-hexa[fluoro-2,4-pentanedion (hfd); a polyamine such 
as 2,2'-bipIperazine (bpip), 2,4-pentanediamIne (ptdn), picolylamlne (pic), 1,8Hiaphtiiyridine (napy) or tris(2-pyridylme- 

30 thyi)amine (tmpa); or a Schiff base such as salicylidene aminate (salam), N.N'-disaficylidene ethylenediamine (salen) 
or N-salicydidene cyclohexyl aminate (salch). 

[0026] Abbreviations for other ligands In Tables 1 and 2 are as follows. 

hepfd:1 ,1 ,1 ,3,5,5,5-heptafluoro-2,4-pent&nedion 
35 hfdd:1 , 1 ,1 ,5,5,5-hexafluoro-3,3-deutero-2,4-pentanedion 

ttfiarthenoyl trifluoroacetonate 

ofhn:1 ,1 ,1 ,5,5,6,6,6-octafluoro-2,4-hexanedion 

dfhn:1 ,1,1 ,5,5,6,6,7,7,7-decafluoro-2,4-heptanedion 

ofpbdpentafluorobenzoyi trifluoroacetonate 
40 dfdbm:bts(pentaf1uorobenzoyl)methane 

pdoaipentadecaftuorooctanoic add 

dsalch:N,N'-disalicyl!dene-1,2-cyclohexylenediamine 

[0027] When the above-mentioned fluorine-containing polymer is used as the non-crystalfine polymer (a), it is pre- 
45 ferred to use as the metal chelate compound (b) a metal chelate compound having a fluorine-containing compound as 
a ligand. Specifically, metal chelate compounds having fluorine-containing compound Nos. 9 to 37 as identified in the 
following Tables 1 and 2 as ligands, are preferred from the viewpoint of the solubility in the fluorine-containing polymers 
or in the fluorine-containing monomers capable of fomning such fluorine-containing polymers. Particulariy preferred as 
ligands, are compounds No. 33 to 37 in Tables 1 and 2. The metal compounds having tiiese fluorine-containing com- 
50 pounds as ligands show no substantial light absorption in a near infrared region of at least 700 nm, whereby it becomes 
possible to use a light source having a wavelengtii of 850 nm or 1 ,300 nm. Not only that, the saturated solubility of the 
metal chelate compounds in the fluorine-containing polymers is sufflcientty higher than the concentration of the metal 
chelate compound required to form the desired refractive index difference (NA), whereby it becomes possible to mini- 
mize the increase of the fight transmission loss due to light scattering. 
55 [0028] In the following Tables 1 and 2, specific combirttitions of the metal and the ligand in the metal chelate com- 
pound (b) are shown, but the combination is not limited to such examples. Among them, one having a aromatic ring is 
particularly useful as a compound having a high refractive index. Further, one having fluorine atoms has an improved 
solubility when the matrix non-crystalline polymer (a) is a fluorine-containing polymer, whereby dispersion of the metal 
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chelate compound (b) in the non-ctystalline polymer (a) will be more uniform, thus providing an effect to suppress the 
increase of light scattering, although the refractive index may decrease. Such metal chelate compounds (b) may be 
used alone or in confibination as a mixture of two or more of them. 

Table 1 



Chelate 
compound 


Metal 


ligand 


1 


Eu 


acac 

0 O 


2 


Tb 


3 


£u 


pbd 

0 o 


4 


Tb 


5 


Gd 


6 


Er 


7 


Nd 


8 


Eu 


dbm 

o o 


9 


Eu 


tia 

T T 


10 


Gd 


11 


Al 


12 


Eu 


hfd 

CF3 v^^^^^^-^^^CFj 
0 0 


13 


Tb 


14 


Gd 


15 


Al 


16 


Er 


17 


Nd 


18 


Gd 


19 


Eu 


hepfd 

0 0 


20 


Tb 


21 


Gd 


22 


Al 


23 


Er 


24 


Nd 
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Table 2 



5 


coinpouiKi 




■ « tfW A M tm 

juigoiia 




OK 


ClU 


Uiua 




26 


Tb 


O 0 


10 


Z7 


lia 




28 


Al 




29 


Er 






30 


Nd 




IS 


31 


Eu 


tt£a 




32 


Gd 


0 0 s 


20 


33 


Eu 


ofhn 

11 u 

P o 


25 


34 


Eu 


CF3 \^X'v^^CT2CF2CF3 


3D 


35 


Eu 


o^bd 




36 


Eu 


dfdbm 

0 0 


35 


27 


Eu 


pdoa 

CF3(CF2)690H 
0 


40 


38 


Eu 


salch 


45 


39 


Eu 


salen 


SO 


40 


Eu 


dsalch 



[0029] In the present invention, ttie refractive index dtetributlon is nneant for a region wherein the refractive index 
changes continuously in a specific direction of the light transmitting device. For example, the refractive index distribution 
of a refractive index distribution type optical fik)er decreases in a radial direction from the center in cross section of the 



6 



EP 1072 905 A1 



fiber with a curve close to a parabola. 

[0030] In the present invention, when the metal chelate compound (b) is a substance having a higher refractive 
index than the non-crystalline polymer (a), the metal chelate compound (b) is distributed with a concentration gradient 
such that the concentration decreases from the center of the light transmitting device such as an optical fiber in a direc- 

5 tion towards the periphery, whereby the refractive index will have a distribution such that the refractive index decreases 
from the center of the light transmitting device such as an optical fiber in a direction towards the periphery. On the con- 
trary, when the metal chelate compound (b) is a substance having a lower refractive index than the non-crystalline pol- 
ynner (a), the metal chelate compound (b) will be cfistributed with a concentration gradient such that the concentration 
Increases from the center of the light transmitting device such as an optical fiber in a direction towards the periphery, 

10 whereby the refractive index will have a distribution such that the refractive index decreases from tiie center of the light 
transmitting device such as an optical fiber in a direction towards the periphery. Namely, in order to form a refractive 
index distribution of a light transmitting device, the metal chelate compound (b) may be distributed in the non-crystalline 
polymer (a) with a concentration gradient from the center of the light transmitting device in a direction towards the 
periphery. 

75 [0031 1 The content of the metal chelate compound (b) in the present invention may suitably t>e selected to fom) the 
above-mentioned refractive index distribution, but the maximum content is preferably from 1 to 20 wt%, more preferably 
from 3 to 10wt%. 

[0032] In the present invention, to the non-crystalline polymer (a), other additives such as an antioxidant, a molding 
stabilizer or a releasing agent may be incorporated within a range not to impair the objects of the present invention, in 
20 addition to the metal chelate compound (b). The content of such additives may be suitably selected. However, for esxam- 
ple, the content of the antioxidant is usually from 0.001 to 1 wt%, preferably from 0.01 to 0.5 wt%. 
[0033] The following two methods may be mentioned as preferred methods for the production of the fight transmit- 
ting device of the present Invention. 

25 (1) At least one type of metal chelate compound (b) is uniformly mixed in a monomer for forming a non-crystalline 
polymer (a), the mixture is charged into a cylindrical polymerizer, and a preform having a refractive index distribu- 
tion is produced by so-called interfadal gel polymerization wherein the polymerization is proceeded from the 
periphery of the polymerizer to fonn a concentration gradient of (b) from the center towards the periphery. After 
completion of the polyn^erization reaction, this prefonm is subjected to hot stretching to obtain a light transmitting 

30 device. 

(2) A non-crystalline polymer (a) is melted; at least one type of a metal chelate compound (b) is injected to the 
center portion of the non-crystalline polymer (a); and molding is can-led out while dispersing the metal chelate com- 
pound (b) or after the dispersion to form a refractive index gradient from the center towards the periphery. In this 
case, it is possible that a preform (base material) having a refractive index distnlsution is fomned by rotational mold- 
as Ing or extruston molding, and then this preform is subjected to hot stretching to obtain a light transmitting device. 
Further, it is also possible to directty obtain a fight transmitting device by forming a refractive index distribution by a 
molding method such as a melt sctruston spinning method. 

[0034] The refractive index distrit)ution type light transmitting device of the present invention may be a light trans- 
40 mrtting device such as an optical fiber by itself, or a base material for a fight transmitting device, such as a prefonm for 
an optical fiber. When the refractive ind&c distribution type light transmitting device of the present invention is a base 
material for a light transmitting device, such a base material may be spun by a method such as hot stretching to obtain 
a light transmitting device such as a refractive index distnliution type optical fiber. 

[0035] The refractive index distn'bution type fight transmitting device of the present inverrtion is usefol as various 
45 refractive index distribution type fight transmitting devices including, for example, a refractive index distribution type opti- 
cal fiber, a rod lens, an optical waveguide, an optical branching device, a light focusing device, a fight branching device, 
a fight attenuator, a light amplifying optical fiber, a light amplifying optical waveguide, an optical switch, an optical isola- 
tor, an optical transmitter module, an optical receiver module, a coupler, a polarizer and an optical integrated circuit 
[0036] The refractive index distribution type light transmitting device of the present invention is most preferably a 
50 refractive index distribution type optical fiber. 

[0037] For the refractive index distribution type light transmitting device of the present Invention, a wide range of 
light from an ultraviolet fight to a near infrared light (from 200 nm to 2,500 nm, preferably from 400 nm to 1 ,600 nm) can 
be used as a light source. 

[0038] With the refractive index distribution type fight transmitting device of the present invention, the light transmis- 
55 sion distance can be made to be, for example, at least about 50 m, and in some cases, it can be made as long as at 
least 1 km. 

[0039] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted by such specific Examples. 
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REFERENCE EXAMPLES 1 to 6 



[0040] Into a glass tube, methyl methacrylate (MMA), 0:5 wt% of benzoyl peroxide (BPO), 02 wt% of n-butybner- 
captan (nBM) and a metal chelate compound to be used as a refractive index distribution-forming compound as dis- 
5 closed in Table 3 in an amount as disclosed in Table 3, were charged, unifomily mixed, then sealed and left to stand for 
20 hours in an oven of TO^'C for polymerization. The refmctive index and Tg of the obtained polymer were measured. 
As shown in Table 3, it is evident that Tg is high, and heat resistance is excellent when a metal chelate compound of 
the present invention is employed. 



10 COMF^RATIVE REFERENCE EXAMPLES 1 to 5 



[0041] Polymerization was carried out in the same manner as in Reference Example 2 using a high refractive index 
low molecular weight compound which is not a metal chelate compound disclosed in Table 3. The rehactive index and 
Tg of the obtained polymer were measured. The results are shown In Table 3. 



Tables 





Refractive index cfistribution- 
forming compound 


Content (wt%) 


Refractive Index 


Tg(^) 


Comparative Reference Example 1 


Nil (PMMA only) 


0 


1.491 


118 


Reference Exampte 1 


Gd(dbm)3 | Mw^827 


5 


1.499 




Reference Example 2 




10 


1.507 


101 


Reference Example 3 


Eu(dbm)3 1 Mw±822 


5 


1.499 




Reference Example 4 




10 


1.507 


110 


Reference Example 5 


Ertpbd)3 


Mw^651 


10 


1.499 




Reference Example 6 


Gd(hfd)3 


Mw=778 


10 


1.489 


117 


Comparative Reference Example 2 


TPP 


Mw^6 


10 


1.502 


93 


Comparative Reference Example 3 


DPS 


Mw^186 


10 


1.511 


80 


Comparative Reference Example 4 


DPSO 


Mw=202 


10 


1.507 


88 


Comparative Reference Exanrtple 5 


BEN 


Mw=212 


10 


1.505 


80 



[0042] In Table 3, symbols indicate the following. 



40 TPP: Triphenyl phosphate 

DPS: Diphenyl sulfide 

DPSO: Diphenyl sulfoxide 

BEN: Benzyl benzoic acid 



45 EXAMPLE 1 



[0043] Into a glass tube having an inner diameter of 1 0 mm and a length of 30 cm and held to be horizontal, MMA, 
0.5 wt% of BPO and 0.2 wt% of nBM were charged. After sealing both ends, polymerization was carried out for 20 hours 
while rotating ttte tube in an oven of 70^0 at 3,000 rpm, to obtain a PMMA hollow tut>e having a unifomi thickness with 

50 an outer diameter of 1 0 mm and an inner diameter of 6 mm. 

[0044] MMA, 10 wt% of Er(pbd)3 (chelate compound 6), 0.2 wt% of t-txjtylperoxyisobutyl cart)onate (RBI) as a 
polymerization initiator, and 0.5 wt% of nBM were mixed. This mixed liquid was poured into the above PMMA hollow 
tuk>e, and this hollow tube was set in an oil bath set at a temperature of 90^C, to carry out the polymerization. 20 Hours 
later, the monomer mixture liquid poured into the hollow portion was completely solidified. Thereafter, heat treatmerrt 

55 was carried out for 40 hours in an oven of 1 1 0*^0, and reduced pressure heat treatment was cam'ed out for 20 hours in 
a vacuum oven of 1 lO^C, to obtain a preform rod. 

[0045] The preform rod was slowly inserted at a constant speed from an upper portion of a cylindrical heating fur- 
nace mairrtained at 1 95°C, and an optical fiber having a diameter of 0.6 mm and a length of 50 m was spun from a lower 
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portion. The refractive index distribution of this optical fiber was measured by a lateral Interference method by means 
of an Interference microscope, whereby the refractive index distribution as shown In Rgure 1 , was observed. Rom the 
refractive index at the center portion, this optical fiber was found to be a fiber with NA^O.1 6. 

5 EXAMPLE 2 

[0046] Into the hollow tube prepared in Example 1 , a mixed liquid comprising MMA, 10 wt% of Eu(dbm)3 (chelate 
compound 8), 0.2 wt% of PBI as a polymerization initiator and 0.5 wt% of nBM, was poured. This hollow tube was set 
in an oil bath set at a temperature of 90*^ to cany out the polymerization. 20 Hours later, the monomer mixture liquid 

10 poured into the hollow portion was completely solidified. Thereafter, heat treatment was earned out for 40 hours in an 
oven of IIO^^C, and further, reduced pressure heat treatment was canied out for 20 hours in a vacuum oven of 1 10<*C, 
to obtain a preform rod. A part of this preform rod was cut out, and Tg of the center portion was measured by means of 
a differential scanning calorimeter (DSC) and found to be 1 lO^'C. Further, from this preform, an optical fiber having a 
diameter of 0.6 mm was prepared In the same manner as in Example 1 , whereupon the refractive index distribution was 

75 measured, whereby the refractive index at the center portion was 1 .506 (con-esponding to NA=0.21), as shown in Rg- 
ure 2. By means of a light source of white light and a spectrum analyzer, the transmission loss of this optical fiber was 
measured and found to be 200 dB/Ion with a wavelength of 650 nm. 

[0047] This optical fiber was maintained at SS'^C for 1,000 hours and then, the refractive index distn'bution was 
measured again, whereby the initial distritxition pattern was maintained. Further, this optical fiber was confirmed that it 
20 was free from a change in the refractive index distribution pattem even after being maintained at 90^ for 1 ,000 hours. 

COMF^RATIVE EXAMPLE 1 

[0048] In Example 2, an optical fiber of a refractive index distribution type was prepared (NA?0.20, center portion 
25 Tg= 80**C) using 10 wt% benzyl benzoate (BEN) as a non-chelate compound instead of the chelate compound 8, and 
the refractive index distribution pattem before and after being maintained at 85''C for 1,000 hours was measured, 
wheretiy the distn'bution pattern was found to have changed. 

[0049] Thus, it is evident that the refractive index distribution type optical fiber employing the chelate compound of 
the present invention has high heat resistance as compared with the one employing a conventional non-chelate com- 
30 pound. 

REFERENCE EXAMPLE 7 

[0050] A polymer (a polymer of the formula (1 ) wherein each of R^ and R^ is F) obtained by cycle polymerization of 
as a fluoro(txitenylvinylether) [PBVE], was dissolved in perfIuoro(2-butyltetrahydrofuran) [PBTHF] to obtain a 1 0 wt% solu- 
tion. To this solution, Eu(dfhn)3 (chelate compound 34) was mixed to prepare mixed solutions having concentrations of 
1 , 3 and 5 respectively, to the polymer. These mixed solutions were cast on a glass plate. While supplying nitrogen 
in an oven, the temperature was gradually raised to evaporate PTBTHF to obtain a sample of film fonn. This film was 
f urtiier dried for 1 dsy in a vacuum oven at 1 00**C to obtain a film of a fluorine-containing polymer compo^'on having 
40 the chelate compound 34 unifbmrily dispersed. 

[0051] The refractive index of this film was measured, and the results are shown in Table 4. It was confirmed that 
the refractive index was higher than the PBVE polymer alone (Comparative Reference Example 6). Further, it was also 
confinmed that decrease in the glass transition temperature was Irttie. 

45 REFERENCE EXAMPLE 8 

[0052] Using Nd(dfhn)3 instead of Eu(dfhn)3 in Reference Example 7, a film was prepared in the same nnanner, and 
the refractive index was measured, and the results are shown in Table 4. It was confimned that the refractive Index was 
higher than the PBVE polymer alorie, and decrease in the glass transition temperature was littie. 

50 

COMFV^RATIVE REFERENCE EXAMPLES 6 and 7 

[0053] The refractive index of a film made solely of a polymer obtained by cyclic polymerization of PBVE is shown 
in Table 4 (Comparative Reference Example 6). 
55 [0054] Further, a film was prepared by using chlorotriftuoroethylene ol'^omer (number average molecular weight 
800) disclosed in JP-A-8-5848 instead of the chelate compound, and the refractive index was measured, and the results 
are shown in Table 4 (Comparative Reference Bxan\p\e 7). It is evident that in order to increase the refractive index by 
an addition of chlorotrifluoroethylene oligomer, it is necessary to increase the content as compared with a case where 
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the chelate compound is employed. Further, it is evident thatTg thereby decreased sut>stantially. 



Table 4 





Refractive index 

di s tr ibu t ion- 
forming conqpound 


Content 
(wt%) 


Refractive 
index 


Tg 
(•C) 


Comparative 
Reference 
Exan^le 6 


Nil 


0 


1.340 


108 


Reference 
Exanple 7 


Eu(dfhn)3 
M=1073 


1 


1.351 


108 


3 


1.353 


107 


5 


1.355 


105 


Reference 
Example 8 


Nd(dfhn)3 
M-1065 


1 


1.351 


108 


3 


1.352 


108 


5 


1.353 


106 


Comparative 
Reference 
Example 7 


Chlorotri f luoro- 
ethylene oligomer 
M=800 


15 


1.357 


75 



25 



EXAMPLE 3 

30 [0055] Into a glass tube having an inner diameter of 25 mm, PBVE polymer pellets were charged, melted under 
rotation at 240*^C and then cooled to obtain a hollow tube having an inner diameter of 15 mm and a length of 20 cm. 
While heating at 50**C and rotating at 200 rpm, a PBVE polymer/Eu(dfhn)3/PBTHF mixture (the proportion of Eu(dfhn)3 
to the PBVE polymer was 5 wt%) of Reference Example 7 was dropwise added into the interior of this hollow tube, and 
a predetermined amount was poured while evaporating PBTHF. When h'^h viscosity was reached, the rotational speed 

35 was set at 2,000 rpm, and PBTHF was removed by evaporation to obtain a hollow prefonn having an inner diameter of 
1 0 mm. This preform was dried for 3 days at lOO^'C and then an optical fiber having an outer diameter of 0.4 mm was 
spun in the same manner as in Example 1. However, during spinning, the hollow portion was maintained to be under 
reduced pressure so that the fiber would not be hollow. 

[0056] The transmission loss of this optical fiber was measured and found to be 1 70 dB/lvn with a wavelength of 
40 850 nm and 1 00 dB/lon with 1 ,300 nm, and thus it was confirmed that near infrared fight can ateo be transmitted satis- 
factorily. 

EXAMPLE 4 

45 [0057] Using Nd(dfhn)3 instead of Eu(dfhn)3 in Example 3, an optical fiber was prepared. 

[0058] The transmission loss of this optical fiber was measured and found to be 200 dB/iofn with a wavelength of 
850 nm and 1 50 dS/km with 1 ,300 nm, and thus, it was confinmed that near infrared light can also be transmitted satis- 
factorily. 

[0059] As described in the foregoing, the light transmitting device of the present invention is excellent in heat resist- 
50 ance, has a low light transmission loss and is capable of increasing the fight transmission distance. 

Claims 

1. A refractive index distnlHJtion type fight transmitting device comprising a non-crystalline polymer (a) and a metal 
55 chelate compound (b) having a difference in refractive index of at least 0.001 as compared with the non-crystalfine 
polymer (a) and having a molecular weight of at least 400, wherein the metal chelate compound (b) is distributed 
in the non-crystalfine polymer (a) with a concentration gradient in a specific direction. 
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2. The refractive index distribution type light transmitting device according to Clainn 1 , wherein the metal chelate com- 
pound (b) is a metal chelate compound containing a fluorine-containing compound as a ligand. 

3. The refractive index distritnjtion type light transmitting device according to Claim 1 or2, wherein a metal in the metal 
5 chelate compound (b) is a rare earth metal. 

4. The refractive index distribution type light transmitting device according to any one of Claims 1 to 3, wherein the 
maximum content of the metal chelate compound (b) in the non-crystalline polymer (a) is from 1 to 20 wt%. 

fa 5. The refractive index distribution type light transmitting device according to any one of Claims 1 to 4, wherein the 
non-crystalline polymer (a) is a non-crystalline fluorine-containing polymer having a cyclic structure in its main 
chain and having substantially no C-H bond. 

6. The refractive ind^ distribution type light transmitting device according to any one of Ciainris 1 to 5, wherein the 
IS light transmitting device is a l^ht transmitting fiber. 

7. A refractive index distribution type light transmitting fiber comprising a non-crystalline polymer (a) and a metal 
chelate compound (b) having a difference In refractive index of at least 0.001 as compared with the non-crystaltine 
polymer (a) and having a rmlecular weight of at least 400, wherein the metal chelate compound (b) is distributed 

20 in the non-crystalline poiymer (a) with a concentration gradient such that the concentration decreases from the 
center in cross section of the fiber in a direction towards the periphery. 

8. The refractive index distn*bution type light transmitting fiber according to Claim 7, wherein the non-cry^lline poly- 
mer (a) is a non-crystalline fluorine-containing polymer having a cyclic structure In its main chain and having sub- 

25 stantiatiy no C-H bond. 



35 
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